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Abstract 

In this article, bioecology and the phytocenological structure of vegetation in the 
areas surrounding Ganja are widespread, where the main waste of the Ganja 
aluminum plant is widespread - red mud, the physicochemical structure of red mud 
and soil contaminated by it have been investigated. The effect of red mud on natural 
plants taken from areas has been comparatively studied. The article also studied the 
effect of red mud on plant growth and physiological processes. It was found that red 
mud, which is the main source of waste from the Ganja aluminum plant, reduces the 
biological diversity of plants in the areas surrounding Ganja, causes morphological 
changes and changes the typical vegetative layer of the territory. Red mud changes 
the structure and moisture of the soil, reduces its productivity. The composition of 
the chlorophyll pigment in the leaves of plants cultivated in soils mixed with red 
mud varies. 

Key words: Ganja, red mud, soil, vegetation, anthropogenic factors, biodiversity, 
chlorophyll 


Introduction 

Ganja is the second largest industrial city in Azerbaijan Republic. It is an 
educational-scientific and cultural center (its territory is 124,9 km, population is 
323,3 thousand). Recently, due to rapid economic development, Ganja and its 
outskirts are exposed to intensive anthropogenic impact, vegetation layer degrades 
and biodiversity decreases. Ganja and the surrounding regions (Goranboy, Shemkir, 
Samukh, Goygol) has a semi-desert arid climate with mild winter and hot summer. 
The soils typical for this climate have been formed within the geographical 
boundary of the territory. The soils are irrigated, saline and gray-brown. Goshgar 
river, Ganja river, Kurak river and their tributaries which take their sources from 
separate peaks and slopes in the north-east of the Minor Caucasus make water-basin 
of the area. The main polluter of the areas surrounding Ganja is Ganja Aluminum 
plant which functions since 1966. The waste red mud which appears during 
production of aluminum when bauxite and alunite are processed, is collected in a 
large area between Baku-Tbilisi railway and highway, and red mud (red mud) hills 
cover 251 ha area. Beside production of aluminum, bauxite ore has also been 
processed and a part of the emerged wastes was collected in the alunite pool N 2, 
another part in the bauxite pool (Pic.l.) (Bakhshalizada and others, 1999). 
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It is already 50 years that the soil layer and water basins of the areas surrounding 
Ganja have been being polluted. In hot times of year the red mud powder vaporizing 
from the pools and blowing around by means of the wind exposes the sown areas of 
Ganja outskirts, Goygol and Goranboy regions to ecological pollution. It should be 
noted that in these territories agricultural plants are intensively cultivated and the 
wastes of the aluminum plant continues to create ecological problems. In Ganja 
outskirts the soil refer to brown soil type and in these soils the quantity of humus is 
not higher than 3% and all layers are rich with nitrogen, phosphorus, potassium and 
calcium. The researches conducted on the vegetation layer of the ecologically 
polluted areas of Ganja showed that the type of plants making zones in these areas 
are of desert, semi-desert, meadow and arid type (Isgandarova T.H. 2012). 



Picture 1. The wells where the wastes of Ganja Aluminum plant are stored and the 
view of the surrounding areas from 5 km height 


In the research which aims to investigate the consequences appeared at the result of 
the spread of the wastes of Aluminum plant to the surrounding areas, monitoring of 
the vegetation was conducted in the contaminated areas surrounding Ganja (in 10 
km radius), physical and chemical composition of the wastes were studied and their 
impact on vegetation was compared with the plants cultivated in normal areas. 

Material and methods 

The object of the research and materials were the plants spread in the ecologically 
contaminated areas of Ganja outskirts, bushes, trees and also wheat and corn 
representing cultural plants. Approximately 200 different herbarium materials 
collected from these areas were identified and out of them the typical plants of the 
region wild rue and pine trees were monitored. Generally accepted geobotanical 
methods have been used in study of modem vegetation layer of the territory 
(Lazarov and others, 2008, Mirkin and others, 2002, Ramenskiy, 1971). Red mud 
samples have been taken from the waste wells of Ganja Aluminum co. Ltd. 
Company. Control soil types have been taken from ecologically clean areas quite far 
from Ganja Aluminum plant, consequently, completely free from red mud. As such 
area humid and productive territories in the surroundings of Sheki were chosen. 
Absorbed ammonia in taken soil samples were checked by Konev method, nitrates 
by Grandval-Lyasu method, active phosphorus by Machigin method, TFK-2 in 
photocolorimeter device. 
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It was identified by the method of exchanged potassium in ammonia carbonate of 
1% by looking in blazing photometer (Arnushkina, 1970). Electric conductivity of 
soil has been measured by Hannan Corner EC -meter device. Water suspension of 
pH of soil samples was measured by HM digital Waterproof pH Meter, pH-200 
device. 

KC1, NaCl and general salinity (total dissolved solids - total number of active anion 
and cations) was measured by HM digital comp EC/TDS/TEMP COM-100 device. 

Electron microscope (The Carl Zeiss Sigma VP(SEM) Scanning Electron 
Microscope) was used to find out elemental composition of the soil samples and red 
mud taken from normal and contaminated areas. Structural analyses of soil samples 
and red mud was studied by means of x-ray diffractometer device XRD D2 
PHASER(GERMANY, BRUKER). 

Specters of fluorescence radiation of chlorophyll in leaves as well as, excitation 
specters have been obtained by means of a known method in Cary Eclipse 
spectrophotometer (Varian Inc., Les Ulis, France) produced in France (Bidel et. 
all..2007). Excitation specters of chlorophyll were scanned in the interval of 300 nm 
-700 nm. Radiation specter was determined in red and far red regions in the interval 
of 650 nm - 800 nm. In order to get radiation specters chlorophyll has been excited 
mainly in the red region. 

Specters in all leaves were scanned by an adaxial. Approximately 6 mm diameter of 
leaves was enough for surface scanning. Specters were scanned a day after 
collection of leaves. 

Tests and their results 

Before monitoring spread of red mud which is the waste of Ganja Aluminum plant, 
and the ecological problems it has caused in Ganja city and in the areas surrounding 
it (10 km, Goranboy, Shamkir, Samukh, Goygol), the flora and vegetation of these 
areas had been studied. Physical and chemical peculiarities of the soils in these areas 
had been investigated. The climate of the researched areas refers to the mild, hot, 
semi-desert, arid climate type. This climate type is provided with humidity very 
poorly, the summer is very hot and the lowest temperature (+10) is in January. 

Within geographical boundary of the area the soils typical for arid (subtropic) 
bioclimate have been formed. The soils are irrigated, saline and ordinary gray- 
brown. The relief here is mixed which is sometimes split up with shallow valleys. 

Goshgar river, Ganja river, Kurak river and their tributaries taking their sources 
from the slopes and peaks in the north-east of the Minor Caucasus form the basis of 
the water network in the territory. Although these rivers have a constant water flow 
in high and medium mountainous part, when they enter to lowlands they dry up. The 
relief, climate, humidity of the researched areas, as well as intensive anthropogenic 
pressure made formation of rich vegetation here impossible. Besides Ganja 
Aluminum plant, alunite deposits in Zaylik, gypsum deposit in Goranboy, limestone 
deposit, WES (Water Electric Station) and stone quarries in Shamkir, metallurgy 
plant operating with iron ore in Dashkasan, “Billur” and automobile plants of Ganja, 
chemical industry are the main contaminators of the territory. 

Ecological problems in these territories are also related with intensiveness of 
agriculture. Due to potato-growing, vegetable-growing, greenhouses, vine-growing 
in Shamkir, vine-growing in Goygol and Samukh, a lot of pesticides, herbicides, 
fungicides and other different fertilizers are applied to the soils every year. Besides 
it, in cattle-breeding areas (Shamkir, Samukh), the pastures have been completely 
destroyed and the structure of the soils have been violated. There are meat and milk 
factories, confectionary and pastry shops, grain-grinding shops and bakeries in 
Ganja and the density of the population is high. As the density of the population is 
high and the surrounding cities and regions have close connections, the impact of 
transport sector on ecology is high. Taking into account such a high pressure on 
ecology we can say that the vegetation of the territory is at the risk of disappearing. 

So, taking it all into consideration the condition of the flora and vegetation has been 
decided to be researched in the experiments first of all. 
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It was found out that the following group of vegetation has spread in the areas 
contaminated with red mud wastes: 

Jungles with different bushes (Jerusalem thorn, almonds, meadowsweet, buckthorn, 
hawthorn, hips, juniper, and others) 



Meadow plants including bushes, plains and mountains made suitable for agriculture 
Cultured planting restored in the place of steppe vegetation. 

Vegetation layers of parnassia-wormwood, wormwood- elymus repens, wormwood- 
vegetation. 

Cultured plants cultivated in the place of semi-desert plants as pamassia, 
wormwood-pamassia, parnassia- leeks, wormwood - leeks, wormwood- elymus 
repens. 

The researches conducted on vegetation layer of ecologically contaminated areas of 
Ganja city showed that the plant type dominating in the territory is of desert, semi- 
desert, meadow and steppe type. Other plant groups showing tolerance are 
Kochiaeta prostrata, Noeaeta mucronatae, Atriplexea tatarica, Artemisieta fragrans- 
Salsolleta nodulosa. The observations show that at the result of ecological and 
anthropogenic impacts a succession takes place in the vegetation layer with 
wormwood (Artemisieta), ephemereta (Ephemereta), alhagi (Alhagieta) and wild rue 
(Peganate phytosenozes) and these plant groups are replaced by one another. In 
taxonomic compositions of investigated phytocenozes wormwood, ephemereta, wild 
rue- alhagi, ephemereta -wormwood, wormwood- ephemereta- alhagi groupings 
cover more wide areas. 

In the researched areas cultured plants as maize (Z. mays L.), several types of oat 
avena (A.eriantha Durieu), avena barbata (A. barbata Pott), avena fatua (A. fatua 
L.), avena sativa (A. sativa L.), sorrel (O.digina L), rumex (R. acetosella L.), 
beetroot (B. vulgaris L.), watercress (Ch. Botrys L.), spinach (S. tetrandra S t e v.), 
mustard (S.arvensis L.), strawberry (F. vesca L.), bean (Phaseolus L.),silk peas 
(Vigna S a v i.), hedera helix (H. chrysocarpa Walsh.), coriander (C. sativum L.), 
parsley (C. sativum L.), carrot (P. crispum ), basil (Ocimum L.), pepper (C. 
annuum L), tomato (L. esculentu), cucumber ( Cucumia L. ), pumpkin (Cucurbita 
L.), sunflower (Helianthus L.) (Gurbanov, 2009; Asgarov ,2005) are grown. 
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In order to determine the spread percentage of the red mud powder of Aluminum 
plant in the areas surrounding Ganja, the soil samples were taken from contaminated 
and clean territories and studied comparatively. For this purpose, the physical and 
chemical compositions of the red mud, the soil contaminated with it and the fertile 
soil were investigated. The pictures of the soil samples in TEM and the results of the 
elementary analysis are given in the Pic.2. From TEM photos it was found out that 
structure and elementary composition of red mud significantly differs from the 
structure of fertile soil and at the result of its mix-up with the fertile soil, the 
structure of the soil significantly changes. The results of the researches show that the 
main chemical components of the red mud spread to the surrounding areas by Ganja 
Aluminum plant for long years during production of A1203 from alunite and bauxite 
are A12 03, Si02, Fe2 03, CaO, Ti02, Na2 O, K2 O, MgO oksidbri vs KC1, NaCl 
salts and other small components of different complexes. In the Table 1 the 
comparison of the composition of red mud with fertile soil is given. As it seems 
from the table pH, electric conductivity, quantity of KC1 and NaCl salts and general 
salinity is very high in comparison with fertile soil. 

High level of general salinity in the red mud conditions its being the most important 
contaminator of the ecology. 

Table 1. Characteristic indicators of fertile soil and red mud 



pH 

Nitrogen 

n/nh 4 

mg/kg 

Phosphorus 

P2O5 

mg/kg 

Potassium 

K 2 0 

mg/kg 

EC 

(d/mS) 

KC1 

(ppm) 

The 

salinity 

(mS) 

NaCl 

(ppm) 

Control 

Soil 

7.54 

20.34 

45.00 

155.44 

0.27 

53.00 

104 

48.9 

Red mud 
of Ganja 
aluminum 
plant 

8.07 

9.4S 

23.33 

114.47 

4.32 

781 

1540 

782 


From elemental analyses it is found out that the red mud has O, Fe, Al, Si, C, Ca, 
Mg, Na, K, P, Cl, S, V, Ti in its composition. The amount of oxygen in its 
composition is higher than the soils have. Amount of aluminum in the red mud (21.9 
unit) is twice higher than it is in the soil (10.0 unit) and the amount of aluminum in 
the soil contaminated with the red mud slightly increases. 



The most detailed information in order to determine structural composition of the 
soil samples and red mud is possible to get by means of x-ray phase analyses 
(XrPhA). This method is based on diffraction of x-rays through crystalloid 
substances. XrPhA method is the method used very often in study of phase 
composition of raw materials, including soil, red mud, as well as, mineral rocks and 
the results obtained by means of this method has a high accuracy. The 
diffractiongrams of the samples obtained from diffractometer XRD D2 PHASER of 
German company BRUKER and the results of phase analyses have been given in the 
Pic.3. 
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Pic 2. The pictures and elemental analyses of the red mud of Aluminum plant (A), 
contaminated soil (B) and TEM pictures of the soil polluted with red mud 

Pic 3. Diffraction specter of fertile soil (A) and the red mud of aluminum plant (B) 

According to diffraction specters of XrPhA, we can say that there are crystals having 
complex structures in the composition of the samples. At the result of diffraction 
specters it was found out that in the researched samples of soil there exist the 
following crystalloid phases: 


1. Grossularite 
Cubic 

2. Vuagnatite 
Orthorhombic 

3. Aegerine 
Monoclinic 

4. Vishnevite 

5. Leucite 


Ca3A12(Si04)3 

CaAl(0H)Si04 

Fe0.5185A10.4815Ca0.466Na0.534Si2O6 

K0.5Na0.76(SiA104)(S04)0.13(H20)0.33 Hexagonal 

KAlSi206 


Tetragonal 


6. - Fe4.56A13.412Ge3.876019.76 

Orthorhombic 

7. - Na3Al (P8023) 


Cubic 


In the further experiments ability of sprouting and growth of sprouts of very 
productive Zagatala maize (Zea mays) and productive wheat sorts (Triticum Durum) 
were researched in the red mud and the soils mixed up with the red mud. For this 
purpose, maize and wheat seeds had been sprouted in advance and then were planted 
in experimental containers. The variants of experiment were selected in the 
following way: fertile soil for control variant which has not been contaminated with 
red mud, fertile soil in experimental variant which was mixed up with 10%, 20%, 
30%, 40%, 50%, 70% red mud and 100 % red mud. 


40 


Length of 
seedling (sm) 



1 i i i r p 


Control 10% 30% 50% 70% 100% 


■ 9 days 

■ 11 days 

■ 13 days 

■ 15 days 


Pic. 4 . Impact of the waste of aluminum plant- red mud to maize sprouts 


Growth of sprouted seeds and height of sprouts were observed. The results of the 
experiment were given in the pic. 4. As it seems from the picture, the height of the 
sprouts within 6 days raises both in control soil, and in the soils contaminated with 
the red mud. 
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But in the soils contaminated with the red mud the intensity of the increase of height 
of the sprouts decreases and the development of sprouts is weakened. The more is 
the percentage quantity of the red mud in the soil, the less is the intensity of growth. 
For example, on the 9th day of growth the height of the sprouts in control variant 
was 9cm, in the soil with 50% red mud- 5 cm, in the red mud itself 2cm. This time, 
the delay percentage of growth in the soil with 50% red mud was 1.8 and in red mud 
itself 4.5. on the 15th day of growth of the sprouts, the average height of the sprouts 
in the control variant was 37 cm, whereas in the soil with 50% red mud it was 26 cm 
and in red mud itself 21 cm. In this case the delay percentage of growth in the soil 
with 50% red mud was 1.4 and in red mud itself 1.8. Within 10 days of growth of 
the sprouts it was determined that the soils where the red mud is added the growth of 
the sprouts delays. In the growth of the sprouts planted in red mud itself a serious 
impact is evident, the height of the sprouts is relatively less than those in the control 
variant. 

Pic 5. Impact of the waste of Aluminum plant - red mud to the growth of wheat 
sprouts 



periment was conducted with the wheat seeds. The wheat seeds (30 pieces) were 
sprouted in advance and planted in the soil contaminated with the red mud. The 
variants are as in the previous experiment. The control variant - fertile soil, the soil 
contaminated with 10%, 20%, 30%, 40%, 50%, 70% red mud and 100 % red mud. 
The growth of wheat sprouts were observed within 14 days. The height of the 
sprouts began to be measured since the 10th day. The results of the experiment were 
described in the pic. 5. As it seems from the picture, within 4 days, the height of the 
wheat sprouts raises in all variants. Unlike the maize, the growth of wheat is high in 
the soil mixed with 10%, 20% and 30% red mud. But in the soils with more than 
40% red mud contamination the height of the sprouts again decreases and the 
growth delays. The tendency of change of height of the wheat sprouts due to the 
impact of red mud was similar in all days of experiment. 

Pic 6. Impact of the red mud- the waste of Aluminum plant to the chlorophyll 
fluorescence of the leave of wild roe (A) and Pine tree: 1- on the samples taken from 
ecologically normal areas, 2- on the samples taken from the areas contaminated with 
the red mud 

For monitoring of the impact of the red mud- the main waste of Ganja Aluminum 
plant on vegetation, change of pigment composition, especially change of amount of 
chlorophyll pigment was conducted by the method of fluorescence of red 
chlorophyll. The method of fluorescence laser induction is widely applied for 
monitoring the level of physiological stress in vegetation period of plants. Two types 
of fluorescence are used: a) blue-green fluorescence in the interval of 400- 600 nm 
interval, b) red chlorophyll fluorescence in the interval of 650-800 nm. The specters 
of fluorescence radiation in the leaves of plants taken from ecologically clean and 
polluted areas were scanned using red fluorescence of chlorophyll in the 
experiments. 
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The leaves of wild rue and pine were taken as samples. In the specter of the red 
chlorophyll fluorescence radiation scanned on the leaves of wild rue taken from 
ecologically clean areas two typical peaks - 684nm and 736 nm were obtained. The 
specters of fluorescence radiation on the leaves of the wild rue taken from 
ecologically normal areas (1) and from relatively polluted areas (2) have been given 
in the pic.6A. The specters of fluorescence radiation in the leaves of the pine tree 
taken from ecologically normal areas (1) and from relatively polluted areas (2) have 
been given in the pic.6B. The peak with 684nm wave length observed during 
fluorescence radiation of red chlorophyll has not been observed in the leaves taken 
from relatively contaminated areas. But intensity of the peak with 736nm wave 
length was significantly higher in the leaves taken from relatively polluted areas. 
F684/F736 ratio was 1,5 for the first, 0,45 for the second specter. The same specter 
was observed in the leaves of the pine tree taken from both ecologically normal area 
and from relatively contaminated areas. In the specter of fluorescence radiation of 
red chlorophyll scanned on the leaves of the pine tree taken from ecologically 
normal and relatively contaminated areas two peaks of 684 nm and of 736 nm 
typical for this specter were obtained, too. Intensity of these peaks differed from 
that obtained from the leaves of wild rue. 



Wavelength (nm) 

Pic 7. Intensity of chlorophyll fluorescence on the leaves of the wheat sprouted in 
the soil mixed with the waste of Aluminum plant, i.e. red mud: 1- control, 2- 10%, 
3- 30% , 4 - 50%, 5 - 70%, 6 - 100% red mud 

In the experiments the specters of fluorescence radiation of red chlorophyll was 
scanned also on the leaves of the wheat and maize sprouts cultivated in vegetation 
containers. The samples were taken from the sprouts planted in fertile soil and in 
soils mixed with different quantity of red mud on 10th day of their growth. The 
results of the experiments have been given in Pic.7 and Pic.8. As we see in the Pic.7, 
in the leaves of the wheat sprouts cultivated in control variant in comparison with 
those grown in the soils mixed with the red mud (10%, 30%, 50%, 70% and 100%) 
the intensity of the peak of 684nm in the specter of red fluorescence radiation of 
chlorophyll is different depending on the percentage amount of the red mud in the 
soils. That is, in all cases, intensity of the peak of 684nm rose in comparison with 
the control, but it was low in the soil with 10% red mud mix. The intensity of this 
peak has been mostly observed in the leaves of the wheat cultivated in the soil with 
30% red mud mix. However, the specters of red fluorescence radiation of 
chlorophyll in the leaves of the maize differed from the wheat. 
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Pic 8. Intensity of chlorophyll fluorescence in the leaves of the maize cultivated in 
the soil mixed with the waste of Aluminum plant - red mud in proportions of 1- 
control, 2- 10%, 3- 30% , 4 - 50%, 5 - 70%, 6 - 100% 

As more is the level of red mud in the soil, as less is the intensity of the peak of 
684nm in the specter of red fluorescence radiation of chlorophyll in the leaves of 
maize. But the intensity of the peak of 684nm, as in the wheat leaves, in maize 
sprouts grown in the soil with 30% red mud mix also has significantly risen in 
comparison with the control. The results of the experiment have been given in the 
Pic.8. 

Analysis of the experimental results 

As Ganja city and the areas surrounding it within 10 km distance have undergone a 
serious ecological pollution, vegetation layer, soil layer and anomalies taking place 
in them have not been researched comprehensively yet. The phytocoenosis formed 
in these areas highly exposed to anthropogenic impacts have undergone significant 
qualitative and quantitative changes. There is a significant change in the types and 
areal of vegetation, structure of phytocoenosis and productivity (Gurbanov, 2009; 
Asgarov, 2005). In the given research while studying the flora and vegetation of the 
area comparatively with the ecologically normal areas, it was found out that there 
have occurred certain changes in the flora and vegetation of the areas surrounding 
Ganja. The species composition of the plants has decreased, the existing plants 
began rapidly to adapt to the territory and there happened serious changes in 
development physiology of vegetation. The observations showed that at the result of 
ecologic and anthropogenic factors, succession takes place in phytocoenosis of 
wormwood, ephemereta, alhagi and wild rue. These tolerant plant types win in 
competition with other types and cover the areas. The density of population, 
intensive agriculture activity and expansion of transport network in the areas 
surrounding Ganja stimulates the change of the natural flora and phytocoenosis. 
Serious problems emerge in cultivation of agricultural plant in these areas, 
productivity of plants reduces. Ecological pollution taking place in the areas 
surrounding Ganja led to serious changes in composition and structure of the soil 
layer. In the experiments researching mineral composition, structure and suitability 
for planting of the soil contaminated with the main waste of Ganja Aluminum plant- 
red mud, it was found out that the elements in the red mud are in such a composition 
which can be compared with the soil (Jablik V, 2007; Nan et all., 2010; Zhao et all.. 
2009; Grafe et al., 2010) 

Elemental analysis shows that when the red mud spreads to the areas rich with 
oxygen, the soil is not damaged so seriously, in the polluted areas the amount of 
aluminum is 11.6 unit, whereas in the fertile soil it is 10.0 unit. But it was found out 
that general salinity of the red mud is high and it makes a serious change in the 
structure of the soil. It can be seen from comparative composition analysis of the 
fertile soil and the soil polluted with red mud and TEM pictures that the red mud 
increases salinity of soil, reduces its porousness. From RFA analysis is also evident 
that in the soil polluted with the red mud crystalloid phase prevails. Interesting 
results have been achieved in the experiment aimed to find out the impact of the red 
mud to the sprouting of seeds and growth of sprouts. In the experiment, the maize 
and wheat sprouts were planted in the red mud itself and in the soil mixed with it. 
According to the results of the experiment, both maize and wheat sprouts grow in 
the red mud itself also, but the growth of the sprouts although continues in the first 
phase, in further stages delays and lags behind the growth of the sprouts in the fertile 
soil. It is found out that in the soils with 10-30% red mud mix, red mud positively 
impacts on the growth of wheat sprouts. So, the results show that the main waste of 
Ganja Aluminum plant- red mud can create serious ecological problems in the areas 
contaminated with the red mud in a high percentage. 
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The red mud, vaporizing in hot weather and spreading around to the surrounding 
areas with the wind changes the structure, mineral composition of the soil, increases 
salinity and reduces productivity. However, the red mud spread to the areas in a 
small amount can cause positive effects (depending on the types of the plants) and it 
needs further experiments. In the areas surrounding Ganja the physiological 
indicators of the plants growing in the soil mixed with the red mud change. In the 
experiment the change of the composition of chlorophyll in the leaves of the wild 
rue and pine tree, as well as in the leaves of the wheat and maize which are cultured 
plants has been researched. It was found out that intensity of the peak of 684nm 
(Pic.6.2) typical for the specter of red chlorophyll fluorescence radiation is high in 
the leaves of the wild rue and pine tree grown in the areas polluted with the red mud. 
It is known that the increase of the intensity of fluorescence radiation indicates 
reduction of the quantity of chlorophyll (Krause and Weis, 1991; Lichtenthaler, 
1988,1990). Therefore, from the results we can conclude that amount of chlorophyll 
in the wild rue and pine trees growing in the soils contaminated with the red mud is 
always less than it is in those growing in normal soils. The impact of the red mud to 
the intensity of the red fluorescence radiation of chlorophyll on the leaves of the 
wheat and maize sprouts has been also studied. The samples have been taken from 
the sprouts planted in fertile soul and the soil mixed with the red mud in different 
percentages. Intensity of fluorescence radiation measured on the 10th day of the 
growth of the wheat and maize sprouts were different depending on the amount of 
the red mud in the soil. The matter is, the change of intensity of fluorescence in the 
leaves of the maize and wheat sprouts grown in the control variant (fertile soil) and 
the soils mixed with the red mud (10%, 30%, 50%, 70% and 100%) showed that the 
red mud influences on the quantity of chlorophyll pigment. Reduction of the 
quantity of chlorophyll in the leaves of both maize and wheat sprouts is mostly 
observed in the soil with 30% red mud mix. It is interesting that the quantity of 
chlorophyll in the wheat growing in the red mud itself decreases, but in the maize it 
increases. The red mud stimulates the increase of the quantity of the chlorophyll in 
the maize. Here we can conclude that existence of the red mud in the soil (depending 
on the quantity) can positively influence on growth of the plants. 

Conclusion 

According to the results obtained from the experiments we can say that the waste of 
Ganja Aluminum plant red mud is a serious contaminator for the areas surrounding 
Ganja. Vaporizing in hot weather the red mud spreads to far distances by means of 
the wind, as the result, there occur serious problems in the flora and vegetation of 
the areas. Biodiversity of plants in these areas decreases and there occur 
morphological changes, the vegetation layer typical for the territory changes. The 
red mud changes structure and fertility of the soil, decreases its productivity. 
Physiological processes (e.g. photosynthesis) in the plants growing in the soils 
mixed with the red mud undergo a serious change. 
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